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The decays of excited nonstrange baryons into the final states Ay and Aw are
examined in a relativized quatk pair creation model. The wavefunctions and parameters
of the model are fixed by previous calculations of Nx and N=x, cfc., decays through
various quasi-two body channels including N5 and Nw. Our results show that the
combination of thresholds just below the region of interest and the isospin selectivity of
these channels should allow the discovery of several new baryons in such experiments.

I. INTRODUCTION

Quark models of baryon structure based on three effective quark degrees of
freedom predict the existence of more states than have previously been seen in
analyses of Nr elastic scattering. In particular, there are approximately nine
‘missing’ states predicted by quark potential medels to lie in the first band of
positive-parity excited states (which we define as states whose wavefunctions are
predominantly N = 2 band when expanded in a harmonic oscillator basis). One

of these states, a second N %+ {P13) resonance, may have been discovered in the
coupled channel analysis of Manley and Saleski [1]. There remain six missing
nucleon and two missing A states with model masses hetween approximately
1850 and 2050 MeV. There are also many undiscovered states predicted by these
models which have wavefunctions which lie predominantly in the N = 3 and
higher bands, the lightest of which are predicted to have negative parity [2,3].

Models of this kind, when combined with a model of the strong decays of
haryon states [4], yield a simple explanation for the absence of the missing
states [5-8] in analyses of N7 elastic scattering-they simply have weak N7 cou-
plings and so contribute little to N scattering amplitudes in their partial waves.
A simple solution is to produce these states electromagnetically with real pholons
or by electron scattering, and then look for their decays to final states other than
Nx [9]. As part of the N* program in Hall B at the Thomas Jefferson National
Accelerator Facility (TINAF), an experiment [10} will study yp — prtr—, with
analysis focusing on 7p — Atta~, yp — Anrt and yp — pp®. Previous theoret-
ical work [5,6,11,8] has shown that several of the missing states and many of the
undiscovered states have sizeable couplings to these channels. Other experiments
will focus on the decays of such states to Ny [12], Ny and Ny’ [13], and Nw [14].
These channels offer the advantage of being isospin selective, in that only I = %
N* resonances (as opposed to I = % A” resonances) can couple to these final
states. Given the predicted near degeneracy of broad states in several partial
waves in this region, this isospin selectivity should simplify what is likely to be a
difficult analysis to extract information about these states.

Detection and analysis of the final states A(1232)n and Aw in electromag-
netic production from protons at TINAF will be complicated by the increased
particle multiplicity, and by the presence of an additional neutral particle in the
final state resulting from the decays A* — px¥, nat. For these experiments, it
may be better to produce these final states from the neutron in the deuteron {15],
reconstruct the A® — pxt charged particle decay, and use missing mass to iden-
tify the n or w. At the AGS, the properties of the Crystal Barrel detector make
it ideal for examining the process 7~ p — na’n. The final state in #¥p — prty



is more difficult to detect but can, in principle, also be seen using the Crystal
Barrel [16}. Despite these detection difficulties, these channels also have the ad-
vantage of being isospin selective, and can in principle isolate the two missing A
resonances and higher lying A states if they are present and are produced.
Another advantage of a Ay experiment is that the threshold for this reaction
lies just below the mass region where these states are predicted. The nominal
An threshold is at 1780 MeV; as we integrate over the lineshape of the A, the
effective threshold is at my + my + my =~ 1630 MeV. This is to be compared to
mass predictions {2,3] for the lightest missing states of around 1800-1850 MeV

[A%-I-]l and around 1950-2000 MeV for [A%-‘-]q {(which would be a first P3; and
a fourth Psz state in N, respectively). It is generally true {in decay models
and in experiment) that once the energy available for a decay increases beyond
the region where the phase space has initially become appreciable, the decay
amplitudes tend Lo decrease rapidly as the three momentum available to the final
particles increases and the wavefunction overlaps diminish.

Here we provide predictions for the decay amplitudes into the final states An
and Aw of all states (missing and seen in N«) with wavefunctions predominantly
in the N = 1 and N = 2 bands, and also for several low-lying states in higher
bands, using the relativized model of baryon decays based on the 2 Py pair creation
model of Refs. [7] and [11}. Decays into the An channel have been previously
considered by Bijker, lachello and Leviatan in Ref. {8], within an algebraic model
of the spectrum and wavefunctions, using pointlike emitted mesons.

In the present calculation model parameters are taken from our previous work
and not adjusted. Wavefunctions are taken from the relativized model of Ref. [3],
which describes all of the states considered here in a consistent picture. In order
to be in accord with the Particle Data Group (PDG) [17] conventional definitions
of decay widths, we have determined the decay momentum using the central value
of the PDG quoted mass for resonances seen in N, and the predicted mass from
Ref. [3] for missing and undiscovered states. We have also integrated over the
lineshape of the final A baryon, with the final phase space as prescribed in the
meson decay calculation of Ref. [18]; for details of this procedure see Eq. (8)
of Ref. [11] (note that we do not integrate over the narrow [8 MeV width] w
lineshape). As a consequence there are states below the nominal thresholds which
have non-zero decay amplitudes.

In keeping with the convention of Ref. [11], the phases of the amplitudes are
determined as follows. We quote the product A}A{LAI{‘;W/H}){}T] of the predicted
decay amplitude for X — AM (where M is either 5 or w) and the phase of
the decay amplitude for X — N, the latter being unobservable in N elastic
scattering {note factors of +7, conventionally suppressed in quoting amplitudes

for decays of negative parity baryons to NAf or N+, where M has negative par-
ity, do not affect this product). This eliminates problems with (unphysical) sign
conventions for wavefunctions, and the relative signs of these products are then
predictions for the (physically significant) relative phases of the contributions of
states X in the process N# — X — AM. Since the missing and undiscovered
states may have small N7 couplings it may be useful to find the relative signs of
the contributions of states .Y in the process Ny — X — Av. As the photocou-
plings of Ref. [19] are also quoted inclusive of the N« sign, AN;A§W/[A‘,“6" |, then
simply multiplying the quoted photocouplings by the amplitudes quoted here will
yield the relative phases of the contributions of states X in Ny — X — AM.
We note that we have chosen the meson wave flavor functions as

n= % [% (ui + dd) —35]

7 = % [% (uT + dd) +s§]

1 —
w = W(uu+d@, (1)

i.e. we allow for ideal mixing between w and ¢ = 55, and an n-#' mixing angle
of @p = -9.7°

II. RESULTS AND DISCUSSION

Our results are given in Tables I to IV, where we list the model state, its
assignment (il any) to a resonance from the analyses, and its decay amplitudes
into the Ap and Aw channels. The predictions for the Nx decay amplitudes
for each state {7] and values for these amplitudes extracted from the PDG [17]
are also included for ease of identification of missing resonances. All theoretical
amplitudes arc given with upper and lower limits, along with the central value,
in order to convey the uncertainty in our results due to the uncertainty in the
resonance’s mass. These correspond to our predictions for the amplitudes for a
resonance whose mass is set. Lo the upper and lower limits, and to the central
value, of the experimentally determined mass. For states as yet unseen in the
analyses of the data, we have adopted a ‘standard’ uncertainty in the mass of 150
MeV and used the model predictions for the state’s mass for the central value. If
a state helow the effective threshold has been omitted from a table it is because
our predictions for all of its amplitudes are zcro.



For completeness we have also calculated decays to the Ay’ channel, and
find that all of the amplitudes for the states considered here are small. This is
primarily due to the high effective (nominal) threshold of roughly 2040 (2190)
MeV. We do not record these amplitudes here.

A. An decays

The results for this channel are shown in Tables I and II. Amplitudes for the
lighter states are predictably small due to the effective (nominal) threshold of 1638
(1780) MeV, with some notable exceptions. In Table I, the largest amplitudes
are those of the A(2000)Fs5 state, which is a two-star state [17]. This channel
thus offers a very good opportunity for confirmation of this state. In addition, it
should be possible to detect the missing fourth Ps3 state [A%+]4(1985), and to
confirm the first Pg; state seen in the multichanmel analysis of Ref. [1], as their
couplings to this channel are appreciable.

In table II, we see that it may be possible to confirm the one-star states
A(1940) D35 and A(2390)F37 in a An experiment. Qur results predict that

the model states [A2 ™ ]5(2145), [AS7]2(2165), [AL7]1(2230), [A17]2(2295) and

[A§+]g(2505) offer the best opportunities for discovery in this channel.

B. Aw decays

The high effective (nominal) threshold of approximately 1860 (2010) MeV
precludes sizeable couplings of states with wavefunctions predominantly below
the N = 3 band to the Aw channel (see Table III), although there are some states
with amplitudes which grow rapidly away from the threshold, and so will couple
if the actual mass is larger than the nominal mass. Key examples are the missing
[A-g+]4(_1985) and the two-star A(2000)Fs5. However, there are several of the
more highly excited states considered here in Table IV with appreciable couplings
to this channel. It may be possible to confirm the weak states A(2150).53; (one
star), A{2400)(G3e (two stars), and A(2390)F3; (one star) in this channel, or
perhaps even the very highly excited states A(2750)13,3 and A(2950)K 3,5 (both
two-star states). Qur results predict that a Aw experiment may also be able to
discover several predicted states, the most interesting of which are A[%_]3(2145),
the two states [A%_]3(2165) and [Ag_]3(2265), the two states [A%_]1(2230)and

[AZ712(2295), and [A2¥]5(2505).

it

C. Conclusions

Our results show that it should be possible to discover in a A#n experiment one
of the two low-lying states missing from previous N7 analyses, and to confirm
the possible discovery of another. The fact that these are the first states in their
partial waves to couple to this channel will make their extraction from an analysis
less complicated than in final states with lower thresholds. There are also two
weakly established states in the 1900-2000 MeV range which may be confirmed
in such an experiment, and several higher mass predicted states which couple
appreciably to this channel.

Amplitudes for all states to couple to the Ay’ channel are small, largely due
to the high threshold. This is not true of the Aw channel. Our results show that
above 2150 MeV such an experiment may allow confirmation of several weakly
established states and the discovery of a substantial number of predicted states.

Reconstruction of the An and Aw final states will be difficult due to the final
state particle multiplicily and the presence of neutral particles in electromagnetic
production from the proton. However it may be that the extraction of information
about these important new baryon states {from an analysis of the results of such
an experiment is considerably less complicated than using channels with fewer
final state particles. This indicates that it is worthwhile to consider developing
such experiments.
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TABLE [. Results for A statesin the ¥ =1 and N = 2 bands in the Ay channel. Nx
amplitndes from Ref. [7] are included to explain our assignments of the model states to
resonances. Notation {for model states is [J©),,(mass[MeV]), where J¥ is the spin/parity
of the state and » its principal quantum number. The first row gives our model results,
while the second row lists the Nx amplitudes from the partial-wave analyses, as well as
the Particle Data Group (PDG) name for the state, its Nx partial wave, and its PDG
star rating. Light states with zero amplitudes are omitted from the table.

model state Nx An An /1‘\2);

N7 statefrating

s d

[a371{1620) 49+ 0.7 11 772 00 ¥l 3 11132
A(LT00) D45 ¥4+ 65420
P
(841835 ast9d  TapE 2211
A(1740) Py 1.94+13
[alt]1s7s) 04+ 0.4 2.9+ 07 284+ 07
A(T010}Py **** 6641.6
b
[a2¥t)017es) 874002 0.0 193 0.0+ 0.0 p.o 103
7 =00 -0.0
A{1600) Pyg*** Th+23
(a3t1a(1015) 42403 33400 07404 344009
A(1920) P33+ ** TT+23
+ 0.8 2.4 . 1.9
[a3 71 (1085) 33198 42 ¥4 -07 108 43113
p S
[a3Thein) 34402 0.5 + 0.1 06+ 0.3 08+ 03
A(1T50)F P 20408
A(1905)Fyp**** 55+27
a3t (1900) 174+ 04 ro 3l 0.3 198 7.0 129
A2000)F35** 53+2.3
i h
(a3t} (1940)] 71401 0.9+ 0.1 00+ 0.0 0.8+ 0.1
Al1950) Fy *+** 9B+ 27T

a First Paq state found in Rel. [1].
b Ref. [1] finds two Fiy states; this one and A{1905)Fhg.




TABLE II. Results in the An channel for the lightest few negative-parity A reso-
nances of each J in the N=3 band, and for the lightest few A resonances for J© values
which first appear in the N=4, 5 and 6 bands. Notation as in Table I.

model state Nr At An A f‘l"'a’;
N state/rating
d
- . 0.9
[a 1" (2035) 1.2 4 0.2 18Ty 1.8 109
ALT(1900)83, %% 4.1+ 2.2
2 - 0.2 1.9 0.5
[a L7 ]5(2140) 3110 2.4 T 2.4 108
AL7T(2150)83,* 40%1.5
s d
[43712(2080) 2.1 %01 2406 Ly To 2 31t%
A% T(1940)D3a* 3.2+1.4
% - 0.1 d.4 0.9
{A3715(2145) 22101 1.9 94 33193 38414
d g
A2T11(2155) 52+ 0.0 1.1+ 0.3 0.1+ 00 1103
7 it
AZT(1930) D35 ** 50423
[A% T 2(2165) 0.6+ 0.1 37192 13 tl2 3o tls
AZ713(2265 24404 27402 12404 2.9+ 04
g‘ +0.4 +0.7 +0.5
[Ag 14(2325) 01400 2.4 ;8‘% 11 ;?:3 2.6 ;8‘3
(23 11(2230) 21406 38 1208 12 #0 0102
[AF T Tp(2295) 18404 -0 122 15189 2 ¥08
7 1
[A§7]1(2205) 4B+ 13 22 ¥70 0.0 % 0.0 2212]
A 37 (2400)G30™* 41421
5 39
! R
+ 3.6 0.4 - +0.4
[Aﬂ% J2(2370) 1.5 ¥0-2 2.7 104 0.0+ 0.0 27 104
aZ*(2300)Far* 4.90+20
7+ +0.0 +0.9 +0.9
[A%¥]3(2450) 11 *8e 16404 1o 152 Lo 102
[a2t];(2420) 1.2+ 04 0201 or¥07 0.7 07
a2t (2300)H3p%* 5.1+ 2.2
[a371,(2505) 0.4 %01 33+07 03103 33+ 08
k F]
[a 47, (2450) 20 0.7 10 ¥ 0.0 £ 0.0 1007
ALY (2420)H, 1 *oH 6.7+ 2.8
[alit);(2880) 0.8 & 0.2 0.0+ 0.0 1.3 +0-8 13108
+ 0.4 0.2
(a7, (2055) 02401 21 *_‘0_2‘ 03+ 0.; 21 132
i
[a %7 (2750) 22404 16 307 004 00 16107
ALET(2750)]5 13** 37+15
i !
[a 1%, (2020) 16+ 03 14%05 0.oLto0D 14 %05
ALY (2050)K 5% 36+15
[a121];(3085) D4+ 901 0.4+ 0.2 0.0 £ 0.0 044 0.2
9

TABLE IIL. Results for A states in the ¥ =1 and N == 2 bands in the Aw channel.
Notation as in Table I.

model state Aw Aw Aw Aw Aw Aw R /F:AOL
Nr state/rating
r1 ra fs
i ¥ 5
[al*]c1835) o T 0000 00200 po +22
A(1740}Ps®
[al*c1s7s) 01+02 00£01 00%00 0.1 102
A(1010) Py **+*
1 ro fs
7 b3
(adtye1sy ootoo -01ifl 0000 -01Fgl 00xo00 01*g3
A(1920)Paa**F ' ' '
[adt(1085) 08138 o3 Flt ot 00 flY o1 idy 0. *i2
S Pa fa P fs hy
7 Vi ¥ z b3
[A%tha910) 0000 -01¥)1 ooxoo -017], 00£00 00£00 01 o3
A(1750)F55"
A(1905)Fag**+++
[a3t)0890) 0000 g #lE patle gHld g 400 sodo0 s
A(2000)F5,%* ' ) ' '
f1 fa fa Ps fs ks
) il Vi 5 b b
[Ai-+]1(194l])] opo+o0c 00400 00Xo00 -10%+02 0CG+00 00%00 10+03

A(LG50) Fy¥¥**

a First Py state found mn Ref [1].
b Ref. [t] finds two Fas states; this one and A{1905)Fzs.
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TABLE IV. Results in the Aw channel for the lightest {few negative-parity A reso-
nances of each J in the N=3 band, and for the lightest few A resonances for J¥ values

which first appear in the N=4, 5 and 6 bands. Notation as in Table 1.

model state Aw Aw Aw Aw Aw Aw /F‘A":
N statefrating
1= +0.7 +0.0 +0.7
[a 57 ]2(2035) -op2Tos 00T.0 0.0F00 027
ALT(1900)5;, %+
AL la(2140) -21+£07 01+00 57138 6.1 1%
ALT(1150)55;*
S S N
a- +T.4 F0.T +2.5
fA3 7 T2(2080) o1 -0ttt voxoe 00+00 01123
ART(1940)D33*
¥ 33
[A3713(2145) 6+06 02203 -4a237 ootoo 42145
dl d3 _l]; 3\1 d5 gé
2 7 Z 2 7 7
[A3 " N(2158) 00+01 00401 00+£00 -10F] 7 -0r+o000+00 10t14
AZT(1930) D5t **
SRS 2
5 - . +0.9 +0.9 +0.5 +1.5 +2.3
[a57)2(2185) Lo ¥y 0 f?0 05 tPt 33208 18t 2 soxoo0 a0t
(A5 13(2265) 174£05-074£02 03402 -05%)1 30402 24313 43418
[A 37 la(2328) -02£01 -15+07-02%03 10407 o2+01 11 F0L 218
91 da 83 ds 95 i
vl bi 5 z vl 3
(a3 )1(2230) 01y -es+03 0370V 4rd22 147 T 00xo00 44F)?
[a%71;(2295) 0110% 05203 0370% ar1t22 14t looton 4410
g1 g3 iz ds 95 iy
z 5 b1 2 ; z .
[a2 ] (2298) 09 ¥y 0s5Tg7 0oxoo -es¥TT an i onzoo osil?
AZ7(2400)G 39%*
2
f1 f% h% Py fg hy
2 2 2
[aZ*1s(2370) 14+ 07 08404 00+00 307307 31717 00to00e 46t?]
A , .
ALT(2390)F5*
x ( 37
aZtl.(2460 0100 -1.0+06-02%22 03100 15109 1409 43416
2 -0.2 -0.8 -1.4 —-1.2
S S, S SN S W
[a2t)(2a20) 2104 13408 g 0T 08 5303 g 00 1.0 120
2+ 1(2420] “on1 T -1.2 0.2 -1.2 " UY _or S
ALT(2300)H4q**
2
[a2%1,(2505) -04+£03  zatpl 10402 st 308 g0 x00 43l
hy kg i3 fs hy Is
N 7 5 b3 7 z B
[aLL7F]; (2450 04£03 02£02 0000 51777 08 0% 0000 527
AR (2420005 ¥4re
& (2420)H3 1
i S S S WL S
13 -+ +56 J30.2 0.3 +1.3
[AT+]1(2880] 0.5 Zo3 13£05-03 0715205 -08 fog coxoo 23113
[ALET]a(2955) -0s ¥y 1604 12H P aer0s 1407 o000 3212
! 2 ka vs iy ks,
1 2 s 2 5
(A1), (2750 —rT " = = —ok T4 1.2
L 71127501 08755 03£02 0000 43370 11 0T goxo00 45 ¥
ALET(2750)15 2%
i1 T L iy s
= 5 = 2 I3
[.312—5+]1(292m 07+03 03+02 000036408 127 "00+0030210
a2t 20501k, 15+
rals i anemy na2tn1 n11na1 nntnan 19402 Aa i aaan Ll an e oan



